Examples: 1. Fixed loop with bar magnet approaching loop.
The B field increases to left, so the magnetic flux is increasing to left. As seen from the bar magnet side, if the induced emf were such as to produce an induced current that went around clockwise, then this current would produce an extra magnetic field also to the left, further changing the flux and inducing yet a further induced emf, yet inducing more induced current, etc., etc., and there would be a "run-away" increase in the induced emf -thus violating conservation of energy. We must conclude that the induced emf is such as to produce an induced current that goes around the loop counter-clockwise, thus making a magnetic field and magnetic flux toward the right, opposing the changing flux that created it in the first place. This is the general idea behind Lenz's law -the induced current must be produced in such a direction as to create its own magnetic flux that opposes the initial changing magnetic flux that created the induced emf in the first place. A second example: 2. Two aligned coils -one connected to an RC circuit as shown.
When the switch is closed, there is a time-dependent (decreasing) current flowing through the right circuit for several RC time constants worth of time. During this time, there will be a time-varying magnetic flux produced through the isolated loop on the left, and this will produce an induced emf and current flow in the left loop -but only while the current flows in the right circuit. If, as seen from the right, the current flows around the right loop clockwise, the magnetic field it produced will be to the left. Since the current is decreasing, the magnetic flux to the left through the left loop will be decreasing as a function of time after the switch is closed. Lenz's law then states that the induced current will be produced in the left loop in a direction so as to oppose this change -or, in other words the induced current will be also produced clockwise around this loop to make an additional magnetic flux toward the left. This induced current's magnitude will also change with time as the current in the right circuit decays exponentially. A third example: 3. A rotating loop in a constant magnetic field -the ac generator.
N S
As the loop spins, the magnetic flux through the loop -Φ B = BA cos θ, changes with time since the angle θ changes according to θ = ωt as the loop rotates around at constant angular velocity. We can then write the induced emf as
If the loop has N turns, then the emf is multiplied by a factor N. The maximum emf is then given by ε max = NBAω, and the frequency by f = ω/2π. In the US f = 60 Hz and emax = 120 V or 240 V for home use, while in some European countries f = 50 Hz and V = only 240 V. Note: through a trick -using a split ring called a commutator, this generator can be used to produce a dc voltage as well N S
